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Dopphr echocardiogrephy was used Iv determine changer in 
lranrmilral gradient rmd puhnonary arrery pressure after exercise 
in I2 cmtients with mitral rlenorisand 11 m&nts with a ororlhelie 
mitral vale. The mean transmilrsl gradient in the mitral stenosis 
erotw was 9 f 7 ntm He at rest and increased lo 17 * 8 mm He 
&r~exorcise. In patients with a prosthetic mitral valve, exe& 
resulted in an increase in mean 1ran~ndlraI gradient born 5 t 2 to 
8 f 3 mm Hf. C*lculaled puhnonary artery systolic pressure 
Doppler echocardiogrdphy is an accepted method for the 
aceorate measurement of valve gradients and calculation of 
valve area ( I ). Studies 12.3) have demonaxted a high degree 
of correlation beween Doppler-derived pressure gradiems 
et rest and intracardiac pressure measurements in patiems 
wtth either mitral stenosis or a prosthetic mitral valve. 
Occasionally. symptomatic patients with mitral stenosis 
undergomg cardiac catheterization are found to have only 
mild elevation of pulmonary capillary wedge pressure at 
rest. In such circumstances, exercise during the cardiac 
catheterization procedure may reveal a marked increase in 
mitral gradient and pulmorrary artery pressure. thereby 
accounting for the patient’s symptoms (4). 
Although feasible, exercise with groin cathelers in place 
is cumbersome and rarely reaches levels equivalent to those 
of daily aaivities. By using Doppler echocardiography in 
conjunction with treadmill or bicycle exercise testing. it is 
frequently possible to obtain adequale images for the calcu- 
lalion of the postexercise tran~valvular &ient. Limited 
studies (5,6l in patients with mitral stenosis have compared 
Doppler-derived and catheterization-measured valve wadi- 
ents with exercise and have confirmed the accuracy of the 
noninvasive technique. They did not examine Doppler- 
derived changes in pulmonary artery pressure. although 
pulmonary arlery systolic prescore may be accurately de- 
increaaod with exercise Fmm 41 * 19 lo 70 t 32 nun Hg in the 
mitral stsnosir group and frrom 28 t 8 lo 39 t 15 mm Hg in 
patients with B prosthetic wtve. 
Exercire Doppler echocardiogrsphic evaluation of changes in 
lransmilral gradient and pulmonary artery systolic preaure was 
found to be technically simple and an important addilion lo the 
noninvasive evaluation ol patlrnlr with mitral valve disease. 
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rived from condnuous wave Doppler measurements of ve- 
locity of tricuspid valve regurgitation (7.8). In patients with 
chronic obstructive pulmonary disease. Doppler echocar- 
diography has accurately demonstrated the excessive in- 
crease in pulmonary artery pressure occurring with exercise 
(91. thereby demonstrating the feasibility of this measure- 
menl after physical exertion. Because of the paucity of 
published data in palients with valve disease, the present 
study was designed to evaluate the utility of Doppler exer- 
cise echocardiography for measuring changes in transmitral 
gradient and pulmonary anery pressure in patients with 
mitral stenosis or a prosthetic mitral valve. 
Methods 
Study groups. Two groups of patients participated in the 
study, which consisted of a two-dimensional and Doppler 
echocardiographic study at rest, symplom-limited treadmill 
exercise and repeal Doppler examination immediately after 
exercise. All patients had had previous echocardiographic 
examinafions. Patients with hemodynamically sigmficaot 
aortic stenosis and exertional angina and those unable to 
exercise were excluded from the study. 
The first group Vuble I) consisted of I.2 p&n/s with 
mitral stenosis idenr$ed on previous echorordiqqrams. This 
group comprised nine women and three toen with a mean age 
of 48 + I3 years (range 28 lo 69). Two of these patients had 
associated moderate aortic stenosis (resr gradient by Dopp- 
ler examination was 36 mm Hg in each). six had mild to 
moderate mitral regurgitation as assessed by Doppler color 
flow imaging and one had associated coronary artery disease 
without evidence of active ischemia after coronary angio- 
plasty I year previously. No patient had more than minimal 
Tnblc 1. Clinical Charac,erirucs Of IZ Paucnr; Wilh 
Mitral Stenosis 
m 5. St. Jude in 51: I ~atiem had a bioprobtheiic Carpentier- 
Edwards valve. Two patients had moderate aorttc reeuret- 
sonic regurgitarion. Seven of the I? patients had normal 
sinus rhythm and 5 had atrial fibrillation: of the latter 5.4 had 
well controlled ventricular responses ar rat and the 5th had 
a heart rate at rat of about IO0 healslmin. Pdlienls were 
questioned as to symQioms and assigned a New York Hean 
Association fonction~l class. 
women and five r&n; their mean age of 44 ? IS years (range 
19 to 731 did not differ sienificantlv from that in the mitral 
stenosis group;. Two palie& are included in both the mitral 
stenosis and the prosthetic valve group because they wcrc 
studied both before and after valve replacement. ‘Ten of Ihe 
I I patients had a mechanical valve &thesis (Bjdrk-Shiley 
lnfion on ihe Doppler &mina,ion al ret, and 2 had a mddly 
deprcsrcd cjccttoo fraction (approximately 4U%) No patient 
had vgniiicanl mrtral regurgitation. Seven of Ihe I I patient> 
had normal vnus rhvrhm and 4 had atrial fibnllation wxth a 
well controlled vem~icolar response at rest. 
Echocardiography. All patients underwc~t standard roll 
Iwo-dimennonal echocardiography in the left lateral decubl- 
,UC pocaion. Parasremal IonS- and shon-exis apical Wu- 
snd four-chamber and suhcostal views (the lal:er m the 
suoine position1 were ohlained with use of a Hewlctt- 
Packard’i70?A Ultrasound System. Continuous wave Dopp- 
lir ehaminduon of miual inflow was performed with an 
imagmg Z.5 HHz trantdocer m the aprcal four-chamber 
view Tricbrpid regurgitant je,s were examined by continu- 
ous wax Doppler imaging in multiple views. The vieu 
prodWIng the most complele flow envelopes and highest 
peak velocihes at re\, was used for both ,he rest and 
poslexcrcisc studies. Color flow imaging was used to help 
ortent the Doppler beam parallel to mitral inflow and Iricus- 
ptd regur@ant lets. The lrancducer pasilions where tricos- 
ptd regurgitarion and mitral inflow were best obtained were 
marked on the patient’s chest for ease in oblaminz these 
YLC~I afler exercise. 
The inferior vend cava was visualned ,n Ihe rubcostal 
view to estonate rich, atrial pressure. The response of the 
inferior vena cdva lo insQi&oo was obrervcd: ~jO% col- 
lapre \“os defined as a r@hr anal prewure of 5 mm Hp. 
Patients who did not .&&it inspirnlory collapse of the 
mferior vena cava were assigned a right atrial pressure of 
IS mm Hg. a\ previously described (9). Nine of ,he I? 
paucnl\ m the mitral stenosis group and 9 of the I I patients 
with a mitral Qrosihais had inxdrd‘dtory collapse of the 
inferior rena c3va. 
Exorcise orotocol Patients underwent symptom-limited 
treadmill exercise wilh continuous flecl~ocardiographlc 
IECG) recordmp IQuinton ?ooO exercise treadmillI. Hear, 
ra,e was recorded every minute and blood pressure was 
recorded every 3 min during exercise. Ten of the I? patients 
with mltrasl $lenosir and IO of rhe I I with a prosthetic valve 
exercised according 10 Ihe Bruce pro,ocoI: the remamder 
underwent a modified Bruce protocol. Immediately after 
muimal madmill exercise wm completed. patients were 
inqructed ,o assume the lef, lateral decuhilus pacition on the 
evamining [able and mitral inflow and ,ricuspid regurgilan, 
jet velocltie, were obtained wilh use of Ihe optimal views 
and mnsducer oosilions found a, res,. Mulliple ,maF,es were 
obuined 10 emore Ihe best possible Row env~lopes.~DoQQler 
Genals were recorded both on videompe with audio OUtPUt 
aid an a snip char, recorder. 
Data analysis. Mitral inflow Doppler signals on videotape 
were digitized and measurements for mitral mean and peak 
gradients. mitral pressure half-time and peak tricuspid regur- 
gilant jet velocity were made wrh use of cardiac analysis 
Medical Group). Mitral valve wea wa, calculated from 
mitral pressure half-time 1s dr:i :d bv Halle et al. (IO). Peak 
tricun$d valve gradient during syrtoie was calculated from 
peak lricuapid regurgilanl jet velouty by Ihe modified Ber. 
noulli cquadon (7.8). Right vcnwicular systolic pressure was 
calculaled as Ihc urn of the tncuspid valve gradient and 
esrimaled right atrial pressure (7.8). In the absence of B 
pulmonary tran~valvulargradicn~. pulmonary artery systolic 
prerwre is equivalent 10 right venlricular systolic pressure 
and none of Ihc study patients exhibited an abnormal 
transpulmonary gradient. Al least 5 cardiac cycles were 
averaged for each measurcmenl for palierr in sinus rhylhm 
and at least IO cycles were used for patients in atrial 
fibrillalion. ‘The cxcrcibe hear! rates recorded in Table 3 
represent the heafl rates at Ihe lime of mitral inflow imaging 
immediately ailer exercise. 
Statistical analysis. Student’s paired r test analysis was 
used 10 detect slalisucal di!ferences between rest and exer- 
cise values within each group. Student’s nonpaired I test was 
used to compare values between Ihe mitral stenosis and 
milral valve replacement groups. For analysis of pulmonary 
artery syslolic pressure. only lhose patienls who had ade- 
quate tricuspid regurgitant jets both at rest and during 
exercise were included. Starislical significance was accepted 
a, p < 0.05. 
ReSUltS 
Mitral steawsis group (Table 3). The heart rate in these 
palients responded adequately to exercise. increasing from 
76 t I3 to I I8 i I7 beatslmin (p < 0.001). The calculated 
mitral valve area averaged I .4 t 0.4 cm’ al rest. increasing 
with exe&c to i.6 2 0.5 cm2 lp 4 0.05). Mean and peak 
mkral gradients increased from 9 t 7 and 17 t I I mm Hg.
muectivelv. at rest to I7 2 G and 28 ? IO mm Hr with 
e&ire (p < 0.001 for each) IFig. I. left). A &pid 
regurgitant gradient was obtainable in I I uf the I? patients at 
rest and in 9 patients after exercise. The latter nme patients 
(75%) had a tricuspid regurgitant gradient land thus pulmo- 
nary artery systolic pressurel measurable both at rest and 
after exercise. Pulmonary artery systolic prcssurc mcreased 
from 41 f 19 to 70 ? 32 mm Hg with exercise (Q = O.CiXl 
(Fig. 2. left). Figure 3 contains an example of the tracings 
from an individual patient. 
Mitral valve mpkxement group ITabk 31. Heart rate 
increased significantly with exercise in this group from 79 ? 
9 to 104 f 21 beaalmin. Mitral valve ares was measured a\ 
2.5 2 0.6 cm2 as rest and as 2.9 ? 0.7 cm2 after cncrctsc 
(p < 0.01). Mean and peak mitral gradients at rest were 5 z 
2and I2 + 5 mm Hg, respectively. increasing to8 ? 3 and 18 
f 7 mm Hg (p = 0.0001 for each1 (Fig. 1. right). A tricuspid 
regurgitant gradient was obtainable in 9 W’XI of the II 
patienrs bath at rest and after exercise. Pulmonary artery 
systolic pressure increased from 28 r 8 10 39 2 I5 mm Hg 
with exercise lp = 0.002) (Fig. 2. righl). 
Compariwn of mitral stenosis and prosthetic mitral valve 
groups (Table 3). Mitral valve area measured at re>t wa\ 
significantly lkuger in the subjects with valve replacement 
(D < O.Wll. Rest heart t-die wa> nrarly identical in the two 
&ups, but there was a trend toward B higher heart rate with 
exercise in the mitral stenosis group (I I8 2 17 VI. I04 + ?I 
bearslmin: p = NSl. Mean and peak mitral gmdientv ill rc\t 
did not differ significantly between the two groups. but those 
after exercise were sigmficantly htgher in the pstienrs with 
mitral stcnods (p < 0.005 and p < 0.05. re\pecWelyl. 
Pulmonary artery systolic pressure WAS Ggniiicandy higher 
both at rest and after exercise in the group with mitral 
stenosis (p c 0.05 for each). 
Two panents were studied before md after mitral valve 
replacement and are included in both groups. Before PUT- 
gery, one had a calculated mitral valve area at rest of I .2 cm’ 
and mean and peak mitral gradients at rest of I8 and 30 mm 
Hg. re~pcctivelg. increainp to 27 and 38 mm Hg nith 
exercise. After a 23 mm St. Jude Medical mitral prosthesis 
\ra\ ~mplantcd. th.: mitrai valve area calculated by preswre 
half-time mcreased to 2.5 cm’ and mitral mean and peak 
gradientr decreased to7 and I3 mm Hg. respectively. ar re,t 
and to 9 and I6 mm Hg with exercise. After valve replacc- 
ment. pulmonary artery systolic prcssurc decreased franat- 
ically from 75 mm Hg at rest and 103 mm Hp with exercise 
before ovzration to 26 mm Hc at rert and 40 mm Hs with 
rvrc~sc: The second patient r&onded similarly. withmean 
and oeak mwd cradients after suwerv decreasinn to <50% _ 
of preopemlive rest and exercise values. Tricuspid regurgi- 
ntmn wa not present in rhis patient after operaion: therc- 
fore, pulmonary artery pressure could not be calculated. 
The prercnt study demonstrates the feasibility ofexercise 
Doppler echoxtrdiogmphy in patients wtth mmal stenosis 
and those with a prathetic mitral valve. As anticipated. 
cxrci~c rcwlad ix a significant increase in peak and mean 
transmitrill gradients in the patients with mitral stenosis. In 
the patient, with a prosthetic mitral valve. the pressure 
increase after exercise was more moderate. representing a 
Exercise hemodynamics in mitral stenosis. This was first 
studied 40 years ago by Gorlin et al. tllj, using supine 
bicycle exercise during right heart catheleriztation; numerous 
subsequent invasive studies (I&13) have confirmed the 
exercise-induced incmasc in left atrial pressure whh an 
associated increase in pulmonary artery pressure. Doppler 
echocardiography offers an accurate noninvasive method of 
assessine the oressure aradient across a stcnolic mitral 
valve, aid us ‘use in p&ems with mitral stenosis and a 
prosthetic valve has been validated ll-3). It is only recently 
that Dopplerechecardiography Las been used in conjunction 
with exercise testing to evaluate changes in transmitrnl 
gradient Sagar et al. (5) reported on 10 patients with mitral 
stenosis studied bv oulsed wave Dotmler echocardiosrauhy 
at rest and after b&k exercise. Tbo mean mitral gradient 
increased from I3 mm Hg at rest to 22 mm Hg with exercise 
and correlated extremely closely with invasive measure- 
ments. Tamsi et ai. (6) reported on 20 patients (mean mitral 
area 1.0 -r 0.3 ems) evaluated with continuous wave Doppler 
echocardiography in association with bicycle exercise before 
and after percutaneous mitral ~aIvuloplasty. They noted a 
mean increase in transmitral gradient from 8 mm Hg al rest 
ID 20 mm Hg after exercise. After valvuloplasty. the mean 
gradient at rest decreased considerably. 
Exercise hemodynamics in Qntients with * Qrestbftio ndtrnl 
valve. This has also been studied with Doppler ubrasound. 
In a comparison of normally functioning St. Jude and 
Medtronic Hall valve prostheses in the milral position. 
Tatineni et al. I I41 found a 1ow eradient at rest 12.5 to 3.0 mm 
Hg) and a minimal increase with exercise (5. I to 7.0 mm Ha). 
Slightly higher rest and exercise values have been foundin 
patients with a Bjork-Shiley or Starr-Edwards mitral pros- 
thesis. reflecting the lowr functional valve area in these 
patients (IS). Our data on the change in transmitral gradient 
after exercise in patients with either mitral stenosis or valve 
replacement demonstrated similar changes. 
Qnhnonary artery pressure afler exe&e: role of Doppler 
moasnrentenl uf lricuspid regnrgitnnt jet. None of the cited 
published studies on mitral stenosis and mitral valve replace- 
ment have examined changes in pulmonary artery pressure 
after exercise. In normal wbjects, exercise results in a 
decrease in invasively measured pulmonary vascular resis- 
tance with minimal or no increase in pulmonary artery 
pressure 116). In patients with nonvalvular heart failure, 
pulmonary venous hypertension is frequently present and 
may worsen with exercise, with pulmonary artery systolic, 
diastolic and mean pressures paralleling the increase in 
wedge pressure. In contrast, in patients with noncardiogenic 
pulmonary hypertension from various causes, exercise can 
cause a disprowtionate increase in uulmonary artery sys- 
tolic pressure 116). 
Noninvasive assessment of the response of pulmonary 
artery pressure lo exercise using continuous wave Doppler 
measurements of the tricuspid regurgitant jet has been 
reported in normal subjects and patients with chronic pul- 
monary disease and validated by simultaneous invasive 
hemodynamic studies (9). By noninvasive techniques, the 
upper limit of right ventricular systoiic pressure was ac- 
cepted as 30 mm Hg at rest and as 45 mm Hg with exercise 
(9). In patients with pulmonary disease with normal pulmo- 
nary pressure at rest. Himelman et al. (9) found that exercise 
resulted in an abnormal increase to mild or moderate levels 
of pulmonary hypertension. In contrast, those with pulmo- 
nary hypertension at rest had a steep increase in right 
ventricular pressure after exercise. often to levels exceeding 
systemic pressure. 
Ow study indicates rke fceosibiliry of meosuring postex- 
ercise tricuspid regurk4ant jet velocilies in pafients with 
mirrol valve direose and demonstrates findings similar to 
those seen in patients with chronic pulmonary disease. At 
rest. pulmonary artery systolic pre&re exceeded the ac- 
ceoted normal maximum of 30 mm HI: in 7 of the I I oatients 
wbh mitral stenosis in whom it couldbe assessed and in 3 of 
9 patients with mioal valve replacement. After exercise. the 
presswe increased in all patients in whom the tricuspid 
regurgitant jet could be measured and was >45 mm Hg in six 
of nine patients with mitral stenosis and three of nine 
patients with mitral valve replacement. The elevation of 
pressure both at rest and after exercise and the abro:ute 
changes from rest to exercise were greater in patients with 
mirral stenosis than in those with a prosthetic heart valve. 
Five patbnts with mitrorol slenosis developed pulmomwy 
artery sysrnlic pressure >70 mm Hg with exercise. Three of 
these patients were symptomaiic and subsequently under- 
went valve replacement. A fourth patient had marked symp 
tomatic improvement after open commissurotomy 7 years 
previously for severe .::ral stenosis with pulmonary hyper- 
tension but had persistent ECG evidence of pulmonary 
hypertension wilh a calculated mitral valve area of 1.5 cn?. 
Exercise revealed an increase in pulmonary artery systolic 
pressure from 40 to 72 mm Hg (Fig. 3). possibly explaining 
the failure of resoiulion of the rignt ventricular hypertrophy 
on the ECG. One patient remains only mildly symptomatic 
(functional class 11). 
Abkorrgk WC studied only IWO porienlr before and ofrer 
valve replacemmr, the finding that rest and exercise riaht- 
sided presswes were less in the valve replacement group 
suggests that successful valve replacement improves the 
excessive exercise-induced increaae in pulmonary artery 
systolic pressure seen in untreated mitral stenosis-an ob- 
servation in accord with the well known decrease in pulmc- 
nary hypertension at rest after corrective mitral valve snr- 
gery (17). However, correction of pulmonary hvpertension 
at rest by commissurotomy does not necessarily correct 
exerciwinduced abnormalities and exercise Dupple: ecbo- 
cardiography may be a useful tool in exposing residual valve 
obstruction (Fig. 31. 
E&l of swialed lesions on lransmilral gradient and 
pressure half-lime. The calculation of transmitral gradient 
by Doppler echocardiography relies an mathematic assump- 
Figure 3. Patient 5. Rest and cxcreioe conrmuous wve Doppler 
tracings. showing persistence of right venlncular hypertroohy aflcr 
mitral cummissurotomy. ‘NE rest n&al salve IMY) and tricusprd 
rsgugilaticm TrR) Doppler tracinp hp snd htam left) rhow only 
a mild mean mitral gradient C-1 and mild pulmonary hyperan- 
sion. Exercise (lop antI bottom righO results m P marked increase in 
pressures with an increase in calculated pulmonary anery sgSolic 
prwure IPASP) from 40 to 72 nun Hg ,pre\aure mearurec~enrr 
barcdoncalculationafthemeanoffivecardiaccyclcr~. Tracmgr we 
recorded at different scaler as indicated. BPM = bcatsimm: HR = 
heart rate. 
tions that have been validated under a wide range of condi- 
tions (1,3,5.IJ.lS~. However. the measurement of tnnsmi- 
tml gradient does not give an exact figure for left atrrul 
pressure because the gradient is dependent on the level of 
left ventricular diastolic pressure. Conditions that result in 
elevated left ventricular diastolic pressure, such as &hernia. 
ventricuiar dysfunction or poorly compensated aortic steno- 
sis. might cause an underestimation of Doppler-derived 
changes in left atrial filling pressure. However. in the ab. 
sencc of reactive pulmonary hypertension. pulmonary anery 
pressure tends to increase linearly with increasing left atrial 
pressure (161. An elevation after exercise ie this variable 
without much increase in tranrmitral gradiem aggests that 
an increase in exercise-indwed ventricular diastolic pres. 
sure has occuxed. Such a situation may well have occurred 
in Patient 8 ITable 31 with mitral stenosis and coexistent 
aortic slenosis. In this patrent the mean transmitral gradient 
increased only slightly from 20 mm Hp at “est to 23 mm Hg 
after exercise. with a corresponding increasz of 16 mm Hg in 
pulmonary artery pressure (77 to 93 mm Hgl. suggesting that 
the increase m 1:ansmitral gradient underestimated the true 
mcrea*c I” left atrird prewure. 
The pwssure holf-rime colcrrlarion for the nwasaremen~ 
of mired volte urea wa originally considered 10 be unal- 
wed by exercice (10). However. subsequent studies by the 
same invertigalors (19) with validation by catheterization 
indicated that Doooler-dewed oressure half-time was in- 
deed affected by ‘&xtse. decreasing by an average OS 
IO nts. Other investizators (5.61 have confirmed IhIs findina. 
We also natrd a de&se in pressure half-time with exe&, 
resulting in a moderate increase in c&&ted valve area in 
most subjects (Table 31. Althou& the exact mechanism of 
this change m pressure half-time remains uncertain, Thomas 
and Weyman (20) suggested that it can be caused by changes 
in left atnal compliance or an increased peak transmnral 
gradient. or both. Because the calculation of mitral valve 
area after exercise was not the primary aim of our study. 
variations m this derived rneawxernent a-e of interest but do 
not detract from the value of exercise for the assessment of 
tranrmitral and wlmonary ancry pressures. 
Mirrai nnd a&ic reg&irari& we common in pulimts 
II irk mind srenosis. Although significant sonic regurgitatian 
may lead to overestimation of mitral vdve area when calcu- 
lated by pressure half-time (2~3). none of our patients had 
more than a trivial dqree of regurgitation. Modera:e mitral 
regurgitaion wais present in six patients wth mitral stenosis. 
all of whom had normal ventricular function. Pressure half- 
ttme measurements in subjects with coexisting mitral steno- 
SIS and regurgitation have been shown to accurately reflect 
the valve area (1.21). Although significant cortamitam mr- 
tral regurgitatton may elevate !eft atrial pressure. this will be 
reflected in rhe transmkral Doppler-derived gradient at rest 
and wth exercise. as well as in the pulmonary artery 
pressure. Thur. although different lesions may have different 
etTcctc on Doppler-derived mitral valve area or gradient. or 
both. particularly during exerctse. examination of the 
changes in pulmonary anery pressure combined with knowl- 
edge of the effects of exercise and other valve lesions may 
mimmze errors in clinical assessment of the hemodynamrc 
se.,erity of mitral stenosis. 
Limk&ona afthe study. This study represents our initial 
experience in a relatively small group of patients wtk ntttml 
valve disease. Because these patients were unselected and 
represent a typical group of patients with mitral stenosis or a 
mitml wlve prosthesis. we believe that the results wdl be 
nppkcable to larger series. 
Table 3 shows that tricuspid regurgitation was absent ~1 
rest in one patient with mitral stenosis and in two with a 
mitral valve prosthesis. Two additional patients with mittal 
stenosis (Patients 6 and I I) had trivial tricuspid rwugitation 
ar rest that could nat be adequately visuzlized after exercise. 
These findings are similar to :hose prcviousbl reported 
(22.23) and compare favorubly with those observed in pa- 
wnts with chronic pulmonary disease. of whom only 56% at 
rest and 3% with exercise had adequate tricuspid regur- 
gitantjet signalsl9). lnourseriesall patients with inadequate 
tricuspid velocity signals had ik mean mitral gradient at resl 
<S mm Hp and a calculavd valve areil 21.5 cm*, mdicaung 
only mild to moderate mitral \tenoh~s. These patients are 
likely to have had litllc OF no pulmonary hypertekx--a 
group in whom Ihe prevalence of tricuspid regurgilation is 
compwiltwcly IOU. (231. 
Although we did not cvalua~e Ihc rechniqw il is possible 
thal the rricuspld regurgitant jel yield could have been 
funher improved by enhsnoement with saline solution 
(9.241. An alternadve method is the use of sudne bicycle 
CXC~CIW. which permit\ continuous mea~ureme& of D&p- 
Icr Row 15.25). However. no increaed yield would have 
been expected in Ihe three palien& whu had no tricuspid 
regurgirauon at rest. 
tire. This phenomenon is consislcnf with previous observa- 
tions 161 asd may repreaenl an overestimation of valve area 
al a high heart rate. rather than B true increase in valve area. 
11 ha, been wggoted (ISI lhrl pressure halClime may not 
give accurate re,ulta for meawing prosthetic mitral valve 
area. although nor 811 investigaalors agree with lnis observa- 
tion. 31 our I;ludy. derivation of mitral valve and prosthetic 
valve area wac a secondary consideration and. whether or 
not these calculadons arc valid. we believe lbal the gra&enls 
calculaled across Ihe mitral and tricuspid valves arc accurale 
and give important informaliun. 
Conclusions. Our data suggest thal exercise echocardiog- 
raphy prowdes useful informaliun in padents with mitral 
valve disease. It may be very helpful in assessing the 
bemodynamic severity of miwal ~!enosis in borderline casts 
and m determining the physiologic function of prosthetic 
valves. The addition of ronlinuous wave Doppler assew 
ment of Ihe tricuspid rcgurgitanr jet is lechnicaily fmsitk ir. 
mosl cwzs and adds considerable information to measure- 
men1 of the Iransmitral gradient. As with many studies. 
exercw echocardiography is probably of greatest wlue in 
bordwline cases when symptoms are greater than andci- 
paled from Doppler pressure mrhsurements at rest. In such 
CBSCE. exercise msy reveal otherwise inapparent dbnormal- 
ides and asbibi d&ion making. 
